Valentyn Tsisar 1, 3, 4  Cross-sections of both grades do not revealed any discontinues in the structure of weld joint;  Columnar crystallites (grains) with dendritic structure elongated from the center of the weld join in the direction of heat removal (solidification front) are observed in weld metal (WM) of both grades;  Precipitation bands, observed initially in the structure of v-alloys, are completely disappeared in WM and partially in HAZ-1 directly adjoining WM due to temperature-induced decomposition of Ti-C,O,N precipitates during melting of fusion zone;  Thickness of WM does not exceed 1 mm while HAZ is about 3 mm thick.
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 Appropriate mechanical properties of welds could be ensured by means of using: high purity gas atmosphere during welding, in order to avoid contamination of V-alloys mainly by oxygen; high-purity filler metal and subsequent post weld heat treatment (PWHT) which controls the phase-structural state of weld metal (WM);
 Electron Beam welding can provide narrower zones of weld joints and as a results the mechanical properties can be improved in comparison with GTA and laser welding techniques.
Joining techniques!  Gas-tungsten-arc (GTA) and laser welding techniques have been investigated for welding of V-4Ti-4Cr alloys (ORNL, USA; NIFS, -Japan; Bochvar VNIINM, Russia Federation; and SWIP, China);
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 Increase in hardness up to HV 100 ~ 180 is observed in weld metal (WM) in comparison with that of base metal (BM) (HV 100 ~ 145). Hardness decreases gradually from WM through the heat affected zone (HAZ) towards the BM.
 Increase in hardness in WM and HAZ in comparison with BM is caused by temperature-induced decomposition of Ti-C,O,N precipitates during welding.
Hardness of electron beam weld joints versus zones of welding
Absorbed energy of Weld Metal (WM) and Base Metal (BM)
 Values of absorbed energies of weld metal (WM) are superior in comparison with those of base metal (BM) for both grades of Valloys (-196°C for J57 -exception);  The expected shift of ductile-brittle transition temperature to higher temperatures does not take place most probably due to narrow fusion zone (~1mm) and/or thermal stresses remained in weld metal because of fast cooling rate during electron beam welding;  Weld metal of both alloys demonstrating mostly ductile mode of fracture accompanied by significant lateral expansion of samples;  At -196°C the brittle fracture mode (river-like pattern) is observed for weld metal of J57.  The obtained results testify that post weld heat treatment is not necessary to be performed after electron beam welding.
EB welding was carried out at SFC Co., Ltd. (Yokohama)
Conclusions
 Post-machining vacuum annealing at 400°C for 1h was applied to remove hydrogen. 
